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Instructor Guide: IND Fallout Effects

TRAINING DOCUMENT
TITLE: Fallout Effects (NCR Version)
REQUIREMENT: Personnel will be informed on the basic principles of fallout as

well as how to remain safe when working in these conditions.

TARGET GROUP: Radiological emergency responders and planners at the local,
state and federal levels

TIME ALLOTTED: 30 minutes

INSTRUCTOR (s): Health Physicist with Emergency Response Experience

METHOD OF INSTRUCTION: Presentation

Prepared by: Brooke Buddemeier, CHP, Lawrence Livermore National Laboratory
Erika Olsen & Shaida Arbabha, DHS Scholars at LLNL
Date: July 2011

Please provide feedback for these draft documents to brooke2@IlInl.gov

If using parts of this presentation or the information contained in the presentation, please cite:
B. R. Buddemeier, Lawrence Livermore National Laboratory, LLNL-PRES-492024 (Aug 2011)
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.

Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the
United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or Lawrence Livermore
National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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Instructional Goal

Instructor Guide: IND Fallout Effects

This module gives an introduction to the basic principles of fallout, how it changes in time and space, as well
as the planning guidance zones and .and definitions

Instructional Objectives

1. Define fallout and explain how it is created
2. Explain how fallout spreads

3. Explain the decay rate of fallout

4. Define Planning Guidance Zones

At the completion of training, the trainee will be familiar with:

How fallout works and how to remain safe when conducting response efforts in areas where fallout may be
present.

Handouts

Student Guide

References

National Response Framework, Department of Homeland Security, January 2008.

Planning Guidance for Response to a Nuclear Detonation, Developed by the Homeland Security Council
Interagency Policy Coordination Subcommittee for Preparedness & Response to Radiological and
Nuclear Threats, First Edition, January 15, 2009.

Trainee Preparation

This presentation is the third in a series, previously covered material Includes:
e Nuclear Detonation Modeling and Response Planning
e IND Prompt Effects

LLNL-PRES-492024 Page | 2



& FEMA

Instructor Guide: IND Fallout Effects

NISE

Nationat Machear Secunity Admouafradion

0- INTRODUCTION - Introduce Presenter
and summarize experience and qualification

IND Fa&lout Efﬁets T

Py e Ty -
/ -
p g
7
‘ = = V_ 2 om”™

= FEMA

This presentation is the third in a series,
Previously covered material Includes:
= Nuclear Detonation Modeling and
Response Planning
= |IND Prompt Effects

Prerequisites for this Presentation

This presentation(s®he nird In a series, Previously
covered materialincudes
*==nw | Nuclear Detonation Modeling and Response
—~ Planning
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Presentation Objectives
State Training objectives

The following presentation depicts a fallout pattern
for Los Angeles using weather patterns from July
15™ 2006. It represents only the possible fallout
pattern for the weather on that particular day and
time.

Objectives

= Define fallout and explain how it is created
= Explain how fallout spreads
= Explain the decay rate of fallout
= Define Planning Guidance Zones
The following presentation depicts a fallout pattem for Los Angeles using

weather pattems from July 15" 2006. It represents only the possible
fallout pattern for the weather on that particular day and time.
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1- Explanation of Fallout
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Optional first slide. If possible, start with the slide
containing the fallout movie.

The primary delayed effect from a ground-level
nuclear detonation is from “fallout.” Fallout is
generated when the dust and debris excavated by
the explosion is combined with radioactive fission
products and drawn upward by the heat of the
event. This cloud rapidly climbs through the
atmosphere, up to five miles high for a 10kt, and
highly radioactive particles coalesce and drop back
down to earth as they cool.

The hazard from fallout comes not from breathing in
the particles, but being exposed to the ionizing
radiation they give off after they have settled on the
ground and building roofs. Radiation levels from
these particles will drop off quickly, with most (55%)
of the potential exposure occurring in the first hour
and 80% occurring within the first day. Although it is
highly dependent on weather conditions, the most
dangerous concentrations of fallout particles (i.e.,
potentially fatal to those outside) occur within 10
miles downwind of the event and are clearly visible
as they fall, often the size of fine sand or table salt.

“B Click —Next slide; video of fallout cloud begins

FALLOUT L

= The nuclear detonation creates a large cloud
of radioactive dust & water vapor which fall
back to earth contaminating horizontal
surfaces

= Dangerous levels of fallout creates visible dust
and debris. These particles give off

penetrating radiation that can injure people
(8ven in cars or inadequate shelter)

= Fallout decays rapidly away with time. and
i5 most dangerous in the first few hours after
the detonation

—

-5 p )

This video gives a quick introduction on how
dangerous radiation is formed within a fallout cloud.
Fallout begins to form immediately following the
detonation.

For a 10 KT detonation, Nevada Tests predict it will
rise five miles into the upper-atmosphere.

Fallout clouds are not like smokestack “plumes”.
Rather, they are tons of material lifted by the heat of
the explosion that fall back to earth as particles the
size of table salt and cover flat surfaces. The
radiation coming from these particles is the
dangerous aspect; not breathing it.
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Fallout

Looking to the North on the DC area

Blast effects are the damages/injuries done to
structures/people following detonation. The
severity of the effects changes based on set zones.
The zones are defined by proximity to “ground zero”

and are categorized by amount of damage, radiation,

injury level, etc.

Click - The Prompt effects can be seen
Click —Fireball/Mushroom cloud appear

The fireball will quickly gather material from the
ground and head upwards into the atmosphere.
* The dust a debris at the base is
generated from blast effects and is
generally NOT radioactive.
* The material in the “stem and cap” of the
fallout cloud is highly radioactive
* Under ideal circumstances this will create
a "mushroom” shaped cloud, however
this may not be the case for low yield or
non-ideal wind conditions.

NCR Example: Downtown 10kT
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Fallout Particles Move Away in Various
Directions and Speeds

The upper level (high speed) winds sweep the cap of
the cloud to the East.

Lower altitude, low speed winds move the “stem”
and the particles coming down from the upper
atmosphere to the North

NCR Example: Downtown 10kT
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Transition movie to view cloud at 15 minutes after
the detonation.

This image represents how fallout travels over a
period of about six hours. Depending on weather
conditions and wind speed, dangerous fallout
particles will move away from the initial blast site in
different directions at different speeds.

As this animation unfolds for the first six hours after
a 10KT detonation, you will see two things:
(1) The purple balls represent the fallout cloud
movement
(2) The colored contours on the ground
represent the different radiation levels being
given off by the particles that have fallen on
the ground.

“® Click —Animation of the fallout cloud’s initial
movement begins.
The upper atmosphere winds push it off to the East
while parts of the fallout in the lower atmosphere
push it off to the North. The different colors
represent fallout levels on the ground. After just the
first hour, most of the cloud moves away, but the
dangerous radiation remains present on the ground.

“® Click —Animation continues, showing the
remainder of a six-hour period.

It is important to remember that even though you

might not be able to see any type of cloud after the

first hour, dangerous radiation levels will remain.

Understanding how radiation remains behind

following the detonation is a key response issue.

it Instructor Guide: IND Fallout Effects Nt i

Fallout Clouds Drop Contamination

Fallout Clouds Drop Contamination

Contamination remains
on the ground giving off
radiation

Google
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Fallout Clouds Spread Rapidly

“D Slide Transition —Animation begins showing the
fallout cloud over a larger area.
Note how the radiation level on the ground lag
significantly behind the movement of the fallout
cloud. This is because the fallout particles have to
fall from several miles in the upper atmosphere.
First hour: Cloud over Atlantic
The cloud moves away quickly, but has already
deposited dangerous levels of radiation over areas
near the detonation site. At 1 hour the top of the
cloud has already over the Atlantic Ocean

Click - 2 hours: over BWI

The lower half of the cloud continues to move away
from the detonation site and continues to deposit
some fallout. This part of the cloud reaches BWI
after ~ 2 hours

Click - Animation continues to show the spread of
the fallout cloud

Even though the cloud continues to spread over
large areas, the radiation dose to areas below
continues to lessen.

The good news about fallout is that it does decay
quickly. This means the radiation levels in areas
where the fallout has already been deposited will
lessen over time.

Fallout Zone Changes with Time
3 L '

& FEMA [

Fallout Zone Changes with Time
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DHS and EPA Guidelines on Exposure
Levels

Although there are current guidelines for
shelter or evacuation, they were designed for
slowly evolving events like a possible nuclear
power accident.

These recommendations indicate that you
should consider shelter or evacuation when a
four day outdoor exposure would exceed one
rem, and shelter or evacuation is warranted if
expected exposure exceeds five rem.

Unfortunately it fails to actually tell you which
(shelter or evacuation) is the better option,
instead stating that you should choose the
option that leads to the lowest possible
exposure and leaves the evaluation to be
performed on the fly.

These figures demonstrate why having
response plans is so crucial to saving lives, as
figuring out what to do with several million
people after the detonation is likely to be
impossible.

Current DHS & EPA Guidance Focus on Low

Level Exposures for Cancer Avoidance

Consider shelter or
evacuation (1 rem)
1.5 million people

¥ FEMA
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Early Fhase Evac Shelter PAGs (12-108 hrs)

Actions and Long-Term Effects

Description Level Extemnt Area Population
{rem)
Exceeds upper limit
eatly phase PAG for =5  89.8km A1dkmz2 702,000
evacuationfsheltering.
Exceeds lower limit
early phase PAG far =1 200km  4,088km2 1.49E6

evacuationrsheltering.

Mote: Areas and counts in the tahle are cumulative. Population
Source = LandScan UISAYT .0
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The Dangerous Fallout Zone

Example
‘a"Hn;ﬂfhﬁH
LightDamage Zone 1how rans Fartint
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S FEMA 1ha Prevarence of gass npsies. NISA

More Information on the DFZ

Here is some more crucial information about the DFZ:
e Bounded by radiation levels of 10R/hr —
determining dose rates early on helps to identify
the perimeters of the DFZ

¢ Could reach 10-20 miles downwind before the
decay of the radiation causes this zone to shrink

e Also called:
v High-Hazard Zone
v" And the Inner Perimeter

After establishing the perimeter of the DFZ, everyone
should be aware that entering that area can cause acute
radiation injuries or death. Responders should enter this
area only voluntarily, and only after being fully informed
of the risks.

Dangerous Fallout Zone (DFZ)

Bounded by radiation levels of 10 Rihe
Reaches 25 miles downwind
Reaches maximum extentat 1 hour
Also Called

¢ MghHazarg Zone (Key Meaponse Facion)
« DangeroesRadabonZone (NCAP Repont #163)

“Tdaetifying the Sugpet o scadation 2otw [expostom tate 21 DR L] will beve cxfce

g A AR S AN 1PN RIS i er o falloat araas The dm gan s A aIvG 3008 1 a0 wes Thay
large doses zocidbe Seltvemd 50 ermergency rutpeadect t= & than period of drae

S Soanctt (AMNER B A Ty v M v enen. Bgpen o) 7

1 pATiAcE acancss wham e Lageersl GO1 [DF) 3300 recam Ba LD o0 MDD 2300, MIFEee 30008 80d e
padedd by S pesstialy Mo rafieten Rased of tha DF 230
The 00! S0 i e @ e UF 2004 1) COREMEINESPUCOrIS € MO #4000 10 1M bt ETectoe pragwnions
F3IW PEtis afasgron, €PaEns ) ISRETTIINIE FLEN, A, 02 Dam of dalivery 13 2 DY some
DETT Pianaing Osstrww for v Raspzwa s 3 Nasiagr Demnaars (2600
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4. Hot Zone
Adding Fallout Zones

Click — Hot Zone

Dangerous Fallout(D

Rnu»:::f:-ds at
LightDamage Zone ! ";:;-"'::m ::nm:
Outer boundary may be defhined by Contamnebon
% FEMA 8 prowale of Goss juries. NOSA
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Hot Zone

The 0.01 R/h boundaries, often referred to as the Hot
Zone, are areas extending from the DFZ that have
radiation levels of 10mR/hr, only 1/1000"" of the rate
found in the DFZ. For a 10 KT detonation, the Hot Zone
could extend in a number of directions for 100s of miles,
but will reach its full potential after one day.

Response actions in Hot Zones will NOT result in
significant exposures of 100 rem and higher.

Caution should still be taken along the edges of the Hot
Zone closest to the DFZ.

Hot Zone (0.01 R/h boundary)

= Bounded by radiation levels of 10 mR/hr (0.01 R/h)
(1/1000t" of the DRZ)

= Extends 150 miles

= Reaches maximum extent at ~ 1 day

= Extended Response Actions will NOT
result in life threatening exposures
(>100 rem)

= Also Called:

= 0.01R/h Boundary (Pianning Guidance for Response to s Nuclear Detonation)

Inroutine radiation emergency response entering the zone boundad by 0.01 R'h
entzils donning appropriate parsonal protective equipment (PPE) and being properly
monitored for radiation. For 2 nuclear detonation, the 0.01 R'hline can reach 2
maximum extent of several hundred miles within hours of the incident.
~OSTP, Plaming Guidancs for ths Responss to a Nuclsar Dstonation (2010)

% FEMA & LINLPRES 489357 NYSE

2- Fallout Effects — Ground Measurements

Dose Rates Decay Quickly

“B Click — Animation showing detail of detonation area
begins

Simply understanding how fallout works is not enough. It

is important to understand what the event will look like

from a first person perspective of the event.

“® Click — View from South

This animation shows what things will look like from
someone in the Prince George’s County Firehouse #55.
Thisw station is 5 miles away from the detonation

“® Click — Fallout cloud appears; dose rate in first 15
minutes appears
The fallout cloud is already overhead, but not all of the
fallout has reached the ground, so the radiation levels will
continue to rise for several minutes. As the cloud reaches
them, dose rates will shoot up over 100 R/hr at the half
hour mark. This is over 10 times the 10 R/hr of the
Dangerous Fallout Zone.

“B Click —Animation continues showing dispersing
fallout cloud and different dose rates

While initial dose rates are high, look how fast the rates

begin to drop. This is because radiation has an extremely

short half-life; it decays very quickly. Over half of the

dangerous radiation dose comes from the first hour of

 StAtim.3SS
'.‘ilo}hium Lo
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exposure.

After 4 hours the Dangerous Fallout Zone “shrinks past”
the station as dose rates fall below 10 R/h

Cardozo HS measurements

To understand the difference distance makes, lets
look at a location only 1.5 miles from the detonation.
Cardozo High School

Click — Since they are a lot closer to the event, we will
have to expand the scale on our dose rate chart.

Click - 15 minutes after the event, the fallout has
already fallen at their location and exposure rates are
~ 1,500 R/h

But, again, watch the trend. Se how rabidly the
dangerous levels of radiation fall off with time.

Cardozo HS
1.5miles from GZ

Here are the Dangerous Fallout and Hot Zones 15
minutes after detonation

Click - For a 10kT, the Dangerous Fallout Zone
reaches its maximum extent. After about 1 hour
The yellow border represents the max extent of
the DFZ. Lets watch what happens as time
progresses.

Click- The DFZ continues to shrink, and after a few
days the zone actually disappears.

DEZ redchies Maximiom extent
o = Ihratier lll;lllll;l(il;ll (O 10KT)
.".s = 8|

'i-'.;_,! "‘_-. . i

«
Liagle
¢
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Key Fallout Considerations

“D Click —Fallout decays rapidly (releasing more than
half of its energy in the first hour)

The radiation levels are very high initially, but over 50% of

the energy comes off in the first hour.

“D Click —Animation starts/The primary hazard from
fallout is being exposed to penetrating radiation from
the particles

The hazard is the “waves” of penetrating radiation energy

given off by the fallout particles. Getting as much distance

and mass between you and the particles is the best
protection. By remaining indoors and seeking the best
possible shelter in their structure, people can dramatically
cut down the radiation dose they are exposed to.

“® Click —-Dangerous levels of fallout are readily visible
as they fall

Dangerous levels of fallout are not invisible; there will be

visible quantities of material raining down, often the size

of salt or sand.

YD Click —Fallout is not a significant inhalation hazard
Because they are so large, breathing in the particles is not
very likely and is a much lower concern than the external
exposure from the particles on the ground.

“B Click —Animation of shelter protection factors begins
As can be seen by this animation, the particles coat the
ground and rooftops. The hazard areas are the ones by
the places where the fallout accumulates The radiation
penetrates through windows and walls, but exposure
decreases with distance and intervening materials.

Key Fallout Considerations

Faliout Decays Rapidly (rei=asing more
than half of its energy in the first hour)

The prmary hazard from fallout 1s being 1s
exposure to penetrating radiabon from the
particles

Dangerous levels of fallout i readlly
visibia as ¢ faks

Fallout is not & significant inhalstion
hazard

The madiation penetrates through windows
and walls, but exposure decreases with
distance and ntervemng matenals

LLNL-PRES-492024
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Similar to the SPF of sunscreen; the higher the
Protection Factor (PF), the lower the exposure that a
sheltered person would receive compared to an
unsheltered person in the same area. To obtain the
sheltered exposure, divide the outdoor exposure by
the PF. This Figure demonstrates presumed
protection factors for a variety of buildings and the
location within the building. For example, a person
top floor or periphery of a ground level of the office
building pictured would have a protection factor (PF)
of 10 and would receive only 1/10™ (or 10%) of the
exposure that someone outside would receive.
Whereas someone in the core of the building halfway
up would have a PF of 100 and receive only receive
1/100™ (or 1% ) of the outdoor exposure. In fallout
areas, knowing locations with adequate protection
factors could prevent a potentially lethal exposure.

Also Changes with Yield & |
This graphic illustrates the maximum extent for several N2 Py + Tie mamim
i H ; [ e | R Eitaftie 001
different low-yield, ground level explosions. Note how M ez A e o e
. . . Emalk rfar omer
smaller yields create much smaller Hot Zones. The timing - yEES
will also be accelerated and the fallout will reach the 2 i o PR
i i b e { 7 tamaamam et
maximum extent much quicker. & 0 18 i il
| A ! Emeryk He
" ‘:!:' % -
.l‘Kf AR L s
T &
Fallout Zone Timing o
BEC . s s o™ Collout Zones Timing
=y
The example list is just for a 10KT, lower yields will have y‘s e floning estmates ore baced o1 8 10KT
accelerated timing. PR oiimene o
=" B - Inthe first hour both the DFZ and
. the 0.01 R/ bounded areas are
This example tracks both the DFZ and 0.01 R/h border ;M L vowmasee
i ) s @ » After about an howr, the DFZ
with time — = reaches its maximum extent while
T the 0.01 R/ boundary continues to
expand as particles fall downwind
. . i = At a few hours the DFZ & shrinking
{rEV|eW SI|dE} - o although the 0.01 R/h boundary
continues 1o grow
--':;:;_-._-»_ = After about a day a both the DFZ
e and the 0.01 Boundary are
oyt e e shrinking, the DFZ may only be a
s mile in length
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Radiation Zones Take Precedent

This graphic illustrates the maximum extent for several
different low yield, ground-level explosions. Note how
smaller yields create much smaller DFZs. The timing will
also be accelerated and the fallout will reach the
maximum extent much quicker.

When determining damage zones, radiation levels must
also be taken into account. After determining the path of
the dangerous radiation zone from fallout, certain rules
will apply. These are:
e The dangerous radiation zone from fallout will
overlap damage zones

e When zones overlap, radiation precautions take
precedent — even if responders know there are
victims within the moderate and light damage
zones, they should not enter until dangerous
radiation levels are no longer present

o Initial efforts should focus on the portions of the
damage zones that are outside the dangerous
radiation areas — responders should initially wait
to enter areas within the light and moderate
damage zones, and focus on responding to areas
outside of the dangerous fallout zone

o

Dangerous Fallout Zone Precautions Take

Precedent

e

¢ The Dangerous Fallout Zone (DFZ) wil overiap the damage 2ones
* Whaen 2ones overlap. DFZ precaubons take precedent
*  Imtad afforts shoult focus on the portions of the damage Zones hat ae

cutside of he DFZ

LLNL-PRES-492024
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Conclusions

Fallout radiation hazards may exist on
some parts of the Moderate and Light
Damage zones, the safety precautions
described in the Fallout section take
precedent.

Although detectable fallout may be
found for hundreds of miles, the
Dangerous Fallout Zone extends only
10s of miles and shrinks rapidly after
the first few hours (for a 10KT)

The 0.01R/h boundary, called the Hot
Line by NCRP, maximizes at potentially
several hundred miles after about a
day, and then shrinks as well (for a
10KT).

Although areas outside the DFZ are
unlikely to cause radiation sickness,
exposure to fallout should be minimized
through shelter or evacuation if
adequate shelter is unavailable and the
evacuation can be completed before
the fallout arrives.

Conclusions

&

L Lt

Fallout radiation hazards may exist o s pants ofthe
hoderate and Light Damage zones, the safetyprecautions
described inthe Fallout section take precadent.

Athough detectable falout may be found for hundreds of miles,
the Dangerous Falout Zone extents only 105 of miles and
shrirks rapidy aterthe frst few hours (fora 10KT)

The 0.01R4 boundary, called the Hot Line by NCRP,
maximizes & potentially several hundred mies ater abouta
day,ten shrinksas well (fora 10KT).

Athough areas outside the DFZare unlikelyto cause radiation
sickness, exposure to Gllowt should be minimized through
shelter or exacuation if ajequae shelteris unawailable and the
exagcudion can be completed befora the falout amhes.

Check Your Understanding

1

2

3

4

5
6
7
8

o FEMA

What is Fallout?

How high will a 10kT fallout cloud rise in the atmosphere?

Is # true that if you dont see the radiabon cloud. then it is safe
1o be outside? Why or why not?

How much energy does fallout lose in the first hour?

Name the boundary dose rates althe 2 fallout zones

Does Failout ragation only appear in these zones?

About how far do the zones extend to?

When do they reach ther maximum?

& 1w PRES I8N
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